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METHOD OF MANUFACTURING THORIUM NITRATE. 
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N 0 Drawing. 

To all whom it may concern: 
Be it known that I, HERBERT N. MoCoY, 

a citizen of the United States, residing at 
Chicago, in the county of Cook and State 
of Illinois, have invented a new and useful 
Improvement in Methods of Manufacturing 
Thorium Nitrate, of which the following is 
a specification. 
The present invention relates to processes 

for the puri?cation of thorium compounds 
and for the production of a puri?ed thorium 
nitrate therefrom. 

This process comprises a plurality of steps 
which are directed to the treatment of natu 
rally occurring thorium-containing com 
pounds for the concentration of the thorium 
content therein and its ?nal puri?cation. It 
is described in the following speci?cation as 
applied to the treatment of an India mona 
zite sand from which the greater part of the 
ilmenite content has already been removed 
by a process of magnetic separation. This 
product contains approximately 92% of 
monazite sand. 
In accordance with this process, the 

monazite sand thus obtained is treated 
in batches coi'itaining approximately 460 
pounds. The batch of inonazite sand is 
?rst decomposed in such manner as to con 
vert the thorium into an insoluble compound 
readily separable from other constituents of 
the monazite. This is effected in the follow 
ing manner: 
A batch of approximately 460 pounds of 

the monazite sand, already slightly concen 
trated by a magnetic separation process, is 
charged into a cast iron pot with 47 5 pounds 
of concentrated sulfuric acid (speci?c grav 
ity 1.84). The pot containing this batch is 
then heated by means of a low gas ?ame, a 
slow heating being maintained until the ma 
terial begins to stiffen, for example, for a 
period of about four hours. At this stage, 
the temperature of the material is about 
180° to 200° C. The flame is then shut off 
and the material is allowed to cool to about 
160° 0., being stirred during this time. At 
this temperature the batch again becomes 
thin. This cooling process will require about 
four hours. The pot containing the batch is 
then subjected to a renewed heating for a 
period of. from 8 to 10 hours, at the end of 
which time the material becomes very stiff 
and shows a yellow color. The heating dur 
ing this period is more vigorous, a maxi 
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mum temperature of approximately 300° 
being obtained. At this stage the heating 
is stopped, the contents of the pot are 
stirred, permitted to cool for from 4 to 6 
hours and the pot is then opened and 
dumped. The average weight of the ma 
terial dumped from a pot is about 825 
pounds. ' 

The product of four batches treated as in 
dicated in the previous paragra h, and con 
stituting about 3300 pounds, is tdien run into 
a. tank containing 3200 gallons dfacold water 
and is stirred for about one hour. The ?l 
trate-of a portion of this mixture will be 
found to have an acidity of .6 to .8 normal, 
using methyl~orange as an indicator. At 
the end of this period of stirring, a sample 
is taken from the tank, ?ltered, and tested 
to insure the absence of thorium in the ?l 
trate. The contents of the tank are now 
decanted and ?ltered, preferably by means 
of a wooden ?lter press, and washed for 
three-quarters of‘an hour, or until the ?l 
trate is no longer acid to the tongue. The 
?lter cake thus obtained, which is desig 
nated as “the ?rst gray mud” is a needle 
like crystalline material, as viewed under a 
microscope and has an average weight of 
1360 pounds. The thorium is contained 
therein as an insoluble phosphatic com 
pound, probably thorium meta-phosphate 
sulfate, and is admixed with a certain per 
centage of rare earths and other impurities. 
The dried product contains about 75% 
thorium, calculated as thorium oxid. 
The insoluble thorium phosphates of the 

gray mud are directly converted to insolu 
ble thorium hydroxid as follows: 400 gal 
lons of cold water is run into a 2000 gallon 
iron tank and 1000 pounds of caustic soda is 
added. The gray mud prepared as above 
described, and of the amount of 1360 pounds, 
representing the product of four pot-runs, 
is then dumped into the tank and the mix 
ture is stirred and boiled by means of a 
closed steam coil for one hour. The tank is 
then ?lled with hot water, steamed to boil 
ing and allowed to settle for two hours, at 
the end of which time about 800 gallons of 
clear liquid may be drawn off from the top 
of the tank. It is again ?lled with hot 
water and the material ?ltered through an 
iron press. The ?lter cake is thoroughly 
washed with hot water (65° C.) and then 
air-dried. 
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The weight of this ?lter cake, identi?ed as 
red mud, for four pots is 700 pounds, or 175 
pounds for each pot-run. In this step of 
the process metallic and rare earth phos 
phatic compounds, other than thorium, are 
largely separated, the dried solid now con 
taining about 75% thorium, calculated as 
oxid. 
The red mud produced as above described 

is next brought into solution as a sulfate in 
the following manner: The red mud from 
four batches (700 pounds), is divided into 
two equal parts, each of which is treated as 
follows: 50 gallons of cold water is placed 
in a lead-lined tank of 600 gallons capacity, 
200 pounds of sulfuric acid (speci?c grav 
ity 1.84) is added, and two pots (60 gal 
lons) of waste acid hereinafter referred to 
as No. 2 waste acid are also added. The con 
tents of the tank are now heated to 60°, 
brought up to a volume of 330 gallons with 
hot water and 350 pounds of the red mud is 
shoveled in. The volume is then brought 
up to 500 gallons by means of hot water. 
The mixture is stirred for one-half hour and 
allowed to settle, a temperature of approxi 
mately 60° being maintained. The total 
volume of the sulfate solution from the red 
mud from four batches is 1000 gallons. 
The clear solution thus produced, contain 

ing thorium sulfate, is siphoned into a 
wooden tank of 2000 gals. capacity, in which 
thorium is further puri?ed by selective pre 
cipitation by means of hydro?uoric acid. 
150 gallons of cold water is ?rst run in to 
cool the solution and 300 pounds of 30% 
hydrofluoric acid is added slowly, about two 
hours being taken to run in the entire 
amount. After stirring for about 45 min 
utes, the tank is ?lled with cold water and 
permitted to settle for one hour. The clear 
liquid is their siphoned off, the tank re?lled 
with cold water and the contents then 
?ltered, preferably through a wooden ?lter 
press. 
water for about one-half hour and is air— 
dried for about an equal. period. The moist 
?lter cake, comprising chie?y thorium 
?uorid. and designated “the second gray 
mud” has a weight of about 800 pounds and 
contains about 88% of thorium, calculated 
as oxid when dried. 
The thorium content of this second gray 

mud is next further puri?ed and concen 
trated by treatment with a warm soda so 
lution, prepared as follows: 560 pounds of 
soda-ash and 320 pounds of sodium bicar 
bonate are dissolved in 600 gallons of water, 
heated to 55° C and contained in a 1200 
gallon wooden tank. The second gray mud, 
approximately 800 pounds in weight, is then 
added to the warm soda solution, stirred for 
aboutone hour and the resulting solution 
?ltered, preferably through an iron ‘?lter 
press, and air-dried. The greater portion of 

The ?lter cake is washed with cold‘ 
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the ?uorid is dissolved, that retained in the 
insoluble residue or ?lter cake being re 
covered as follows: An accumulation of the 
?lter cake from a number of soda extrac 
tions carried out as above described may be 
washed with a soda solution made in the 
manner above described, the wash liquor 
being pumped back into the soda extraction 
tank. The average weight of the insoluble 
residue is approximately 15 pounds per pot, 
or batch. It may be further treated for 
the extraction of the thorium still contained 
therein, for example, by the method herein 
after described. 
The thorium contained in the soda extrac 

tion solution from four batches, obtained as 
above described, is pumped into a 1500 
gallon wooden tank into which 300 pounds 
of caustic soda dissolved in water are also 
run. The mixture is stirred for about one 
half hour and permitted to settle for about 
three hours, the clear liquid being then 
siphoned off and the tank re?lled with hot 
water. The precipitated hydroxid, sus 
pended in the hot water, is then ?ltered, 
preferably through an iron ?lter press, 
washed in the press for one hour with water 
at approximately 65° C. and the cake air 
dried for one and one-half hours. This 
moist ?lter cake, designated as “white mud”, 
will weigh from 600 to 800 pounds, and will 
114 vs a thorium concentration of about 94%, 
calculated as oxid. By means of the steps 
just described, the separation and removal 
of the greater part of the cerium, barium, 
-t_i_taninm,. iron, and yttrium earth com 
pounds is effected. 
The hydroxid residue or white mud thus 

obtained is dissolved in about 28 gallons of 
hydrochloric acid, speci?c gravity 1.19, con 
tained in a stone jar of about 200 gallons 
capacity. The chlorid mixturev is then 
pumped into a smaller stone jar and allowed 
to settle. Its volume will be about 100 gal— 
lons and its density will average about 30° 
Baumé. After settling, the chlorid solu 
tion thus obtained is siphoned through a 
water-cooled coil by which its temperature is 
reduced to about 15° C. The last few gal 
lons passing over should be ?ltered. 
The ?ltered solution, having a density of 

30° Baumé and at approximately 15° 
C. is now divided into smaller portions and 
treated with a total of 24 gallons of 42° 
Baumé sulfuric acid at a temperature of 15° 
0., the acid being added slowly and the ma 
terial being continually stirred. Thorium 
sulfate crystals are thrown out and are al 
lowed to settle and the waste acid is 
siphoned off for further use. The crystals 
of sulfate are then dried, preferably in felt 
bags in a centrifugal machine, and are 
washed with about six gallons of ice water. 
The average weight of the sulfate crystals 
thus obtained from the 100 gallons of ch10 
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rid solution and representing the product 
from four original batches, is about 368 
pounds, or 92 pounds per batch. 
The waste acid drawn off from the crys 

tals as above described has a volume of 
about 115 gallons and may be utilized for 
the treatment of the insoluble residue re 
sulting from the extraction of ?uorid by 
means of soda solution as previously de 
scribed. About 100 gallons of this acid 
is heated to 400 (J. and about 180 pounds 
of the insoluble residue, resulting from the 
soda extraction of the thorium ?uorid, or sec 
ond gray mud, is added thereto. The solu 
tion is allowed to settle and the clear liquid 
decanted into a large wooden tank of about 
2000 gallons capacity. When the solution 
derived from the residue from a large num 
ber of batches, for example, 60, has been 
accumulated in this tank, hydro?uoric acid 
is added in quantity su?icicnt to just pre 
cipitate all of the thorium present. In gen 
eral about 300 pounds of hydro?uoric acid 
would be required for the Waste material 
from 60 original batches. The fluorid pre 
cipitated is allowed to settle, the clear solu 
tion siphoned off, the tank re?lled with cold 
water and the contents ?ltered, preferably 
through a wooden ?lter press. The ?lter 
cake is treated in the same manner as the 
?rst thorium ?uorid or second gray mud. 
In further treatment of the sulfate crys~ 

tals obtained as above described, it is found 
convenient to handle the product from ten 
original batches together, this amounting 
to approximately 920 pounds. This amount 
of the sulfate crystals is converted into the 
hydroxid by adding them to a solution of 
ammonia made by adding 54 gallons of 26% 
ammonia to 10 gallons of distilled water 
and contained in a wooden tank of about 
600 gallons capacity. The mixture is stirred 
continually for ?ve hours, and wash—water 
derived from the subsequent step of the 
process, as hereinafter indicated, is added, 
the mixture allowed to settle and the clear 
liquid decanted. This process is repeated 
for a number of times, for example, eight, 
using the wash-water derived from the 
washing of the further puri?ed hydroxid as 
hereinafter described. It is ?nally washed 
with clear distilled water. The hydroxid 
is then pumped into a 200 gallon jar and 
permitted to settle, and the clear liquid 
siphoned off. The hydroxid is then dis 
solved in about 56 gallons of hydrochloric 
acid, or about six gallons of acid for each 
100 pounds of the ?rst sulfate crystals. 
The solution thus obtained may be identi?ed 
as the second chlorid solution and should 
have a density of about 38° Baumé. 
This chlorid solution is ?ltered through 

paper, for example on a stone ?lter, and is 
divided into a number of aliquot portions 
for convenience in further treatment. The 
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chlorid solution is cooled and diluted by 
means of ice until its density is 31° Bamné, 
and 56 gallons of sulfuric acid (420 Bauiné), 
are then added, the temperature being about 
15° C. The sulfuric acid is added very 
slowly, for example over a period of one and 
one-half hours. Crystals of thorium sulfate 
are thrown out and permitted to settle, the 
acid solution is siphoned off and may be 
used for the solution of the ?rst thorium 
hydroxid precipitate, or red mud. The total 
volume of acid derived at this point from 
the treatment of the product of ten original 
batches is about 300 gallons. This acid is 
called the No. 2 waste acid. 
The sulfate crystals now obtained are 

washed with about 30 gallons of cold dis 
tilled water, preferably in a stone ?lter, and 
are dried in the ?lter. These sulfate crys 
tals should dissolve perfectly in distilled 
water, giving a clear solution. 

These sulfate crystals are now treated in 
the same manner as the ?rst sulfate crystals 
obtained for conversion into hydroxid, dis 
tilled water being used and the number of 
washings being increased to twelve. Begin 
ning with the third washing, a small quan 
tity of ammonia is added to each wash 
water, about two gallons of ammonia being 
added to 300 gallons of distilled water for 
each washing of a total amount of sulfate 
crystals of approximately 920 pounds. The 
hydroxid thus obtained is permitted to set 
tle, the clear liquid siphoned off, the residue 
?ltered on a stone ?lter, sucked dry, and 
washed with about fifteen gallons of dis— 
tilled water. ‘The washed hydroxid is put 
into a 200 gallon stone jar, and seven pounds 
of 142° nitric acid is added to each 11 
pounds of ?nished dried nitrate, as calcu 
lated from the oxid contents of the second 
sulfate crystals taken. On an average it 
requires about 4.90 pounds of the nitric acid 
for a ten pot run. The nitric solution is 
filtered through a blotter on a stone ?lter 
and evaporated in silica dishes. This ?nal 
product contains 48.2 per cent. of its own 
weight of oxid of thorium,as determined 
by direct ignition. The average weight of 
the thorium nitrate from 920 pounds of sec 
ond sulfate crystals (representing 10 pots, 
or 4600 pounds of sand) is 780 pounds. 
Where in the above speci?cation the per 

centage concentrations of thorium oxid are 
stated without other quali?cation the?gure 
given indicates the percentage of thorium 
oxid in the total metal oxide present in the 
material, all the metals present being calcu 
lated as oxids. 
For the purpose of clear and adequate 

description of my invention I have de 
scribed my process in its details in connec 
tion with the treatment of a speci?c charac 
ter of material and in speci?c amounts. It 
is readily apparent that the principles of 
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my invention are not limited to the speci?c 
type of material or to the speci?c amounts 
and concentrations of reagents recited above, 
these being merely exemplary. It is also 
readily apparent that my process may be 
applied to thorium-containing compounds 
of other types in which the thorium is as 
sociated with other metals and particularly 
with rare earth metals. 

I claim as my invention: 
1. The process for the production of puri 

?ed thorium compounds from monazite sand 
which consists in treating said monazite sand 
with concentrated sulfuric acid to produce 
an insoluble thorium compound, removing 
soluble impurities associated therewith and 
directly converting said insoluble thorium 
compound into thorium hydroxid. 

2. The process for the production of puri 
fied thorium compounds from monazite sand 
which consists in treating said monazite 
sand with concentrated sulfuric acid to pro 
duce an insoluble thorium compound, remov 
ing soluble impurities associated therewith, 
directly converting said insoluble thorium 
compound into thorium hydroxid, dissolv 
ing said hydroxid as sulfate, and re—precipi 
tating the thorium as a-v?uorid. 

3. The process for the production of puri 
?ed thorium compounds from monazite sand 
which consists in treating said sand with 
concentrated sulfuric acid to produce an in 
soluble thorium compound, removing soluble 
impurities associated therewith, converting 
the insoluble thorium compound into tho 
rium hydroxid, dissolving the hydroxid and 
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selectively precipitating the thorium from 
this solution. 

4:. The process for the production of puri 
?ed thorium compounds from monazite sand 
which consists in treating said monazite sand 
with concentrated sulfuric acid to produce 
an insolublevthorium compound, removing 
soluble impurities associated therewith, di 
rectly converting said insoluble thorium 
compound into thorium hydroxid, dissolving 
said hydroxid as sulfate, re-precipitating 
the thorium as a ?uorid, and extracting said 
fluorid with a sodium carbonate solution. 

5. The process for the production of puri 
?ed thorium compounds from monazite sand 
which consists in treating said monazite sand 
with concentrated sulfuric acid to produce 
an insoluble thorium compound, removing 
soluble impurities associated therewith, di 
rectly converting said insoluble thorium 
compound into thorium hydroxid, dissolving 
said hydroxid as sulfate, re~precipitating the 
thorium as a ?uorid, extracting said ?uorid 
with a sodium carbonate solution, and effect 
ing precipitation of the thorium from said 
solution as hydroxid. 

6. In the process of producing puri?ed 
thorium compounds from a natural phos 
phate containing mineral, subjecting the 
mineral to the action of strong sulfuric acid, 
thereby forming an insoluble thorium com 
pound, removing soluble impurities there 
from, and converting the insoluble thorium 
compound into thorium hydroxid. 
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